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This updating article on the anterior cruciate ligament (ACL) has the aim of addressing some
of  the most interesting current topics in this ﬁeld. Within this stratiﬁed approach, it contains
the  following sections: ACL remnant; anterolateral ligament and combined intra and extra-
articular reconstruction; ﬁxation devices; and ACL femoral tunnel creation techniques.
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Este artigo de atualizac¸ão sobre ligamento cruzado anterior (LCA) visa abordar alguns
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Introduction
The anterior cruciate ligament (ACL) is one of the most stud-
ied topics in orthopedics nowadays. Due to new trends, such
as the concept of anatomical reconstruction, which gained
power in the last decade, new motivation has been given
to the study of this ligament, with important advances and
innovations. Supported by basic science, the ACL remnant
is increasingly gaining prominence in reconstructive surgery,
but there is still no consensus regarding the various recons-
tructions techniques and its preservation, a topic that will
be addressed in this article. The so-called new ligament of
the knee, the anterolateral ligament, has recently gained
prominence and explains old concepts and theories that jus-
tify its increased restrictive effect on pivoting due to the
greater lever arm relative to the central position of the ACL.
This elucidates part of the biomechanics of reconstruction
and extra-articular reinforcements. Orthopedics follows the
advancement of medicine and currently, a myriad of ﬁxa-
tion devices are available for surgeons, who, in light of such
diversity, must improve their knowledge of the peculiari-
ties, advantages, disadvantages, and comparisons between
each one. Finally, also driven by the rediscovery of ACL
anatomy, different techniques of femoral tunnel prepara-
tion have been developed, each with its own characteristics,
turning necessary a detailed analysis of the most used
options.
Therefore, this update on the ACL aimed to address some
of the most interesting and current topics on the subject.
In this stratiﬁed approach, the following sections are: ACL
remnant; anterolateral ligament and extra-articular com-
bined with intra-articular reconstructions; ﬁxation devices;
and techniques for creating the femoral tunnel.
ACL  remnant
Partial ACL lesions are common (5–38%); recently, the rem-
nant ﬁbers have received more  attention, aiming to preserve
and incorporate them in ACL reconstruction (ACLR). Remnant-
preserving ACLR should optimize ligamentization, since the
functional remnant ﬁbers biomechanically protect the graft,
the vascularized synovial envelope of the remnant ligament
contributes to the vascularization of the graft, the valve mech-
anism created by the tissue remnant in the tunnel prevents
the entry of synovial ﬂuid and decreases the enlargement of
the tunnel, and the mechanoreceptors present in the rem-
nant assist in proprioception, as demonstrated in histological
studies.1–12
The deﬁnition of ACL remnant-preserving reconstruction
surgery is controversial because it involves three different
procedures grouped under the same terminology: selective
bundle augmentation (SBA; ACLR in a partial lesion involving
only the posterolateral or anteromedial bundle); augmen-
tation (AG; ACLR in a partial lesion involving one or both
bundles with remnant functional tissue); non-functional rem-
nant preservation (NFRP; ACLR in a complete lesion involving
both bundles with non-functional remnant tissue). The deﬁ-
nition of functional or non-functional remnant ﬁber should be1 6;5 1(4):385–395
made arthroscopically, by palpation with the probe, with the
knee in 90◦ ﬂexion and also in the “ﬁgure-of-4” position.1
For the arthroscopic classiﬁcation of ACL injuries involving
the remnant, a staged approach that evaluates the presence
or absence of remnant tissue morphology and functionality is
recommended. This staged approach involves (Fig. 1):
1. Remnant tissue: absent, present.
2. Morphological type of remnant: tibial stump (I), scarring to
the PCL (II), scarring to the intercondylar roof (III), uniden-
tiﬁable pattern scarring to the lateral femoral condyle (IV),
anteromedial bundle (V), posterolateral bundle (VI).
3. Remnant functionality: functional, non-functional.
After ACLR, steps 1–3 should be repeated, since, during the
reconstruction, part of the remnant tissue may be damaged,
changing its initial status. Then, the type of reconstruction
that preserves the remnant is determined: SBA, AG, or NFRP.
Once the ﬁnal pass of the graft is made, the percentage of graft
coverage by the remnant tissue must be estimated and docu-
mented. It is important to document the estimated percentage
of graft coverage to assess its possible role in the stability and
postoperative function, since some studies have shown that
higher coverage is related to better outcomes13 (Fig. 2).
The passage of the graft with preservation of the remnant
can be performed in two main ways. The graft can be passed
along the periphery of the tibial footprint, preserving the rem-
nant tissue and being passed alongside it, thus maintaining
the functional remnant ﬁbers and their inserts (Fig. 3A and
B). Another possibility is to pass the graft through the center
of the tibial footprint, surrounding it with the remnant tissue,
which will act as a biological sleeve, whether through the rem-
nant synovial sheath, the remnant ligament tissue, or both
(Fig. 3C and D). In this latter approach, it is recommended to
gradually widen the tibial tunnel with successively larger drill
bits until the ﬁnal diameter is reached; care must be taken
to stop the progression of drills when they breach the tibial
plateau, so that the drill remains inside the remnant. When
this happens, there is the impression that the ACL remnant
tissue is “dancing” due to the drill action within the remnant
enclosure. Then, a path is created inside the remnant enclo-
sure with a shaver that opens it proximally, maintaining the
entire peripheral tissue and creating only a central path to
pass the graft.14
The placement of the femoral tunnel is more difﬁcult in any
of the three remnant-preserving techniques when compared
with conventional surgery, in which the tunnel is debrided;
sometimes, intraoperative ﬂuoroscopy is recommended to
conﬁrm proper positioning of the tunnel.2,15,16 Biomechani-
cal protection of the graft by the intact functional remnant
ﬁbers is an advantage in SBA and AG, but not in NFRP.3,17
Several studies have assessed the potential for better stability
with remnant preservation, either through direct mechanical
protection by the functional ﬁbers or through better vascula-
rization of the graft and improvement of the ligamentization
process. It is believed that SBA provides better stability, fol-
1–12lowed by AG; NFRP is in last place in this regard. Tunnel
enlargement is caused by inﬂammatory cytokines and agents
present in the postoperative synovial ﬂuid; it is more  common
in the tibia, due to severity. Remnant-preserving ACLR was
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STEP 1
Remnant tissue
Absent
Present
Tibial stump (I)
Scarring to the PCL (II)
Scarring at the intercondylar roof (III)
Unidentifiable pattern scarring to the lateral
femoral condyle (IV)
Anteromedial bundle (V)
Posterolateral bundle (VI)
STEP 2
Morphological type
of the remnant
iﬁca
p
c
v
o
bFig. 1 – Arthroscopic class
roven to decrease tunnel enlargement when compared with
onventional ACLR with remnant debridement, due to the
alve mechanism created, which prevents or reduces the entry
f synovial ﬂuid.6,12 Several studies emphasize the potential of
etter graft revascularization when preserving the remnant. A
Remnant tissue
Recomm
ACLR ty
Absent
Single-bundle, presence of functional
remnant tissue 
Presence of functional remnant tissue 
Presence of non-functional remnant tissue
Conventi
SBA
AG
NFRP 
Fig. 2 – Recommended ACLR typetion of the ACL remnant.
randomized clinical trial (RCT) that used magnetic resonance
demonstrated the acceleration of this process, which certainly
enhances ligamentization.8
Some studies defend the potential beneﬁt of preser-
ving the remnant tissue in the ligamentization process,
ended
pe
Percentage of graft coverage
by the remnant tissue
Estimated percentage
Estimated percentage
onal
 that preserves the remnant.
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Fig. 3 – ACLR involving current concepts of remnant tissue preservation and extra-articular reinforcement with iliotibial
tract band (monoloop) and reconstruction of the anterolateral ligament. (A) ACL injury with presence of remnant tissue.
Morphological type: scarring at the intercondylar roof (III). Remnant functionality (assessed with probe): functional. No. 5
Ethbond wire  passed from the femoral tunnel to the tibial tunnel, showing tissue preservation with tibial tunnel made in
the periphery of the footprint and preserving the remnant. The graft will be passed alongside it, thus maintaining the
remnant functional ﬁbers and its tibial and femoral inserts. (B) AG ACLR that preserves the remnant. AG-augmentation:
ACLR in a partial lesion involving one or both bundles with functional remnant tissue. Estimated percentage of graft
coverage by the remnant tissue: 30%. The line separates the graft in the inferior region and the remainder in the superior
portion. (C) ACL injury with presence of remnant tissue. Morphological type: unidentiﬁable pattern, scarred at the lateral
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articularly the synovium of this tissue, as a potential source
f mesenchymal cells. This potential is inversely proportional
o injury chronicity and suggests better results when remnant-
reserving ACLR is performed in more  acute cases.18
Despite the supposed advantage of ACL remnant-
reserving recosntruction shown in several studies with
ow level of evidence, when assessing RCTs, the functional
utcomes and stability are similar, and the superiority of ACL
emnant-preserving reconstruction is only demonstrated
ventually. Thus, further studies are needed with larger
ample size, appropriate methodology, and most importantly,
onsensus in deﬁning the type of ACL remnant-preserving
econstruction. The terminology SBA, AG, NFRP, and the
ethodology described herein are suggested.2,4,5,10,11,13,15–17
nterolateral  ligament  and  combined  intra-
nd  extra-articular  reconstruction
otational stability control is a topic that attracts the attention
f experts in the ﬁeld of ACLR surgery. It remains uncertain
hether the current arthroscopic ACLR techniques are sufﬁ-
ient to provide rotational stability in all cases of this ligament
njury, and it is not fully understood how the different patterns
f ACL injuries behave.19,20
Persistent rotational instability after ACLR has been
escribed and appears to correlate directly with decrease in
atisfaction and deﬁcit in knee function gain within the post-
perative period.21,22 Furthermore, the lack of knee rotational
ontrol appears to act as a causal factor for new chondral and
eniscal lesions.23
This discussion gained momentum after the growing
ebate over the anterolateral ligament (ALL) of the knee,
emoral condyle (IV). Remnant functionality (assessed with prob
hell with the shaver, which opens it proximally (the tip of the s
nclosure). All tissue in the periphery is maintained, and only a 
emnant-preserving reconstruction type NFRP. NFRP – nonfuncti
nvolving both bundles with non-functional remnant tissue. The
nd encased by the remnant tissue, which will act as a biologica
igament tissue, or both. Estimated percentage of graft coverage 
he remnant. (E) Extra-articular ACL reinforcement with isolated 
xtra-articular techniques by MacIntosh and Lemaire). The centr
hicknesses, maintaining its distal insertion and releasing its pro
ith No. 5 Ethbond wire.  A Kelly clamp is passed deeply into the
liotibial tract band passage after proximal release and preparati
hicknesses is already made. (F) Center band of the iliotibial tract
arrowhead) and inserted into the distal insertion of the lateral in
one of the recommended points for insertion of extra-articular r
he reinforcement is ﬁxed with an interference screw or anchor 
nd ﬁxation. In this case it was made with quintuple ﬂexor graft
he femoral tunnel for the ﬁxation of extra-articular reinforceme
emur and tibia. This case demonstrates primary ACLR and extra
f explosive pivot. (G) Open reconstruction of the anterolateral lig
emitendinosus graft. The arrow shows the femoral insertion of
f the anterolateral ligament with gracilis graft combined with A
emoral origin and the wire  demonstrates the bone tunnels used
ype of reconstruction, the graft is passed superﬁcially to the late;5 1(4):385–395 389
whose injury appears to be associated with some cases of ACL
injury. In 1879, Segond was the ﬁrst to describe this ligament
as a “resistant ﬁbrous bundle” in the anterolateral knee com-
partment with the unique feature of tension in forced internal
rotation.24
Later, some authors suggested that this structure
was merely a capsular thickening of the anterolateral
compartment.25 However, some studies have drawn attention
to the importance of this portion of the iliotibial tract. The
name anterolateral ligament was initially popularized in
Brazil and published in this journal.26 More  recent studies
have brought this controversy to light again, by deﬁning this
structure as a different ligament.27–29 Moreover, after biome-
chanical testing, a close correlation was established between
ALL injury and the worsening of rotational stability, deﬁned
by a positive pivot-shift test.25,30 Thus, authors who  advocate
the association between ACL and ALL injuries have proposed
the need for combined intra- and extra-articular ACLR, which
appears reasonable from a biomechanical standpoint in
the promotion of combined anteroposterior and rotational
stability.28,31
In a recently published meta-analysis of RCTs, the present
authors compared isolated ACLR techniques with com-
bined intra- and extra-articular reconstruction techniques.
Although the functional scores results were similar between
the groups, there was an improvement in the knee sta-
bility outcome observed in both pivot-shift and Lachman
tests.32 Despite previous studies suggested that these rates
would increase, no differences were observed in the rates
of knee stiffness, infection, and lateral compartment arthri-
tis among the study groups during the assessed follow-up
time.32–34 However, due to the lack of functional improvement
associated with extra-articular reconstruction, the authors
e): nonfunctional. A path was created within the remnant
haver can be seen protruding through the remainder of the
central path is created, to pass the graft. (D)  ACL
onal remnant preservation: ACLR in a complete lesion
 graft was passed through the center of the tibial footprint
l sleeve, whether by the remnant synovial sheath, remnant
by the remnant tissue: 60%. Arrow shows graft exit within
iliotibial band (derivative monoloop, similar to the
al one-third of the iliotibial tract is dissected with 1–1.5 cm
ximal insertion. This is prepared with Krackow suture
 lateral collateral ligament (arrow) to allow for central
on. The central third of the iliotibial tract with 1–1.5 cm
 already deeply passed by the lateral collateral ligament
termuscular septum of the femur, as shown by the arrow
einforcements in ACLR) after satisfactory isometric test.
with knee at 90◦ ﬂexion and neutral rotation after ACLR
s, outside-in femoral tunnel (aiming to avoid conﬂict with
nt) and ﬁxation with absorbable interference screw in the
-articular reinforcement was indicated due to the presence
ament with gracilis graft combined with ACLR with triple
 the anterolateral ligament. (H) Percutaneous reconstruction
CLR with triple semitendinosus graft. The arrow shows the
 for tibial insertion of the anterolateral ligament. In this
ral collateral ligament.
p . 2 0 390  r e v b r a s o r t o 
concluded that it is still uncertain whether this stability gain
outweighs the morbidity associated with the increase in the
use of this procedure in the anterolateral aspect of the knee.
Conversely, the same meta-analysis also included studies
of extra-articular reconstruction using possibly more  obso-
lete techniques; a deeper understanding of ALL can enhance
and lead to more  anatomical and minimally invasive tech-
niques for extra-articular reconstruction and improve its
results. Furthermore, the authors concluded that there is still
considerable room for research in the ﬁeld of intra- and extra-
articular ACLR, not only for improving the technique, but also
regarding the groups of individuals that would beneﬁt from the
combined procedure. In fact, in a recent publication, Sonnery-
Cottet et al.35 presented a recommendation regarding which
groups of individuals are candidates for percutaneous intra-
and extra-articular ACLR through the technique described in
their article: those with pivot grade 2 or 3, Segond fracture,
chronic ACL injuries, high-level sports activity (such as soc-
cer, rugby, handball, and basketball) and radiographs showing
the notch sign in the lateral femoral condyle. According to
the criteria described by these authors, a simple restoration of
the central axis through isolated ACLR would not be enough
to restore rotational stability and would require a peripheral
strengthening to the central pivot reconstruction.
A variety of techniques are described in the literature for
combined intra- and extra-articular ACLR.28 Classically, ten-
odesis with the use of a central bundle of fascia lata has been
used since the early isolated extra-articular ACLR described by
Lemaire36 in 1967. Other authors have used minimally inva-
sive techniques to extend the semitendinosus graft passing
through the over the top position or also as an extension of the
femoral tunnel of intra-articular ACLR.31 However, such tech-
niques are based more  on the principle of providing peripheral
stabilization of the anterolateral aspect of the knee than prop-
erly on different anatomical points that take into account
the structure of the anterolateral ligament. Therefore, an in-
depth study of the anterolateral compartment of the knee
anatomy is very important with regard to better understand-
ing of the anatomical characteristics and isometrics of ALL,
in addition to the best graft option for reconstruction. Thus,
reconstructions that reproduce the anatomy of this ligament
with less surgical morbidity may emerge, possibly improving
the results. More  clinical studies are also needed to determine
the actual need of combined reconstruction within the general
population of individuals with ACL injury or if only speciﬁc
groups of individuals would beneﬁt from these techniques, as
for example in case of ACLR revision, chronic injuries, or cases
with excessive rotational instability evidenced by an explosive
pivot-shift at clinical evaluation (Fig. 3E–H).
Fixation  devices
Since the success of the reconstruction depends unequivocally
on graft position, the development of ﬁxation devices that
keep this neoligament in the proper position despite move-
ments and post-operative rehabilitation techniques allows
rehabilitation to begin early and extensively without loss of
this positioning, which in turn reduces the risk of complica-
tions such as arthroﬁbrosis and deep vein thrombosis, among1 6;5 1(4):385–395
others. A suitable attachment mechanism must keep the graft
ﬁrmly in the desired place for at least eight weeks, so that it
has a chance to establish continuity with the bone tissue.37
Currently, the existing techniques can be subdivided into
intra- and extra-tunnel ﬁxations. These are subdivided into
suspensory, transfemoral in the buttress position, and trans-
femoral transﬁxation techniques.38 Those are represented by
compression/interference ﬁxation devices with the bone-graft
interface.39 The fact is that there is no gold standard for graft
ﬁxation in ACLR.40
Biomechanical studies have compared the different ﬁx-
ation methods under different perspectives. Fixation in
terms of strength, stiffness, and elongation was favorable
to suspensory methods when compared to the buttress and
compression methods.41 The same was observed regarding
graft sliding.42 The load required to cause loss of ﬁxation was
lower with interference screws when compared with extra-
tunnel methods (Endobutton and cross-pin).42 In contrast,
suspensory ﬁxation devices have particular complications,
whether the “bungee-effect” (or pistoning)43 or the “wind-
shield effect.”44 Such complications can potentially lead to a
delay in graft integration in its bone bed and to tunnel dilation
over time, which may impair or even make a single revision
surgery impossible in the event of re-injury. However, none of
these could be associated with worsening of clinical parame-
ters.
In order to resolve the issue, Colvin et al.40 conducted a
level-1 meta-analysis that compared intra-tunnel (interfer-
ence screws) with extra-tunnel ﬁxation methods (Endobutton
and shear pins) for hamstring tendon graft ﬁxation in ACLR.
Thus, following the Cochrane and Quorum methodologies,
those authors selected eight studies (RCTs), ﬁve of which
were included in the meta-analysis. After data analysis, they
observed that there was no difference between ﬁxation meth-
ods for the outcomes regarding the function and quality of
life within the stipulated follow-up period. However, when
the analyzed outcome was treatment failure during surgery,
despite the absence of statistical signiﬁcance (RR = 0.52; CI:
0.1794–1.3122; p = 0.1542), there was a clear trend in favor of
the interference screw, which presented fewer failures in all
retrieved studies.40 Those authors suggested that a close ﬁxa-
tion of the joint may be biomechanically favorable.45 Similarly,
Saccomanno et al.46 conducted a systematic review (level 1)
and compared the suspensory ﬁxation (Endobutton) with ﬁx-
ation in the buttress position (transverse pin). Five studies
(317 patients) were included after a search that once again
followed the Cochrane protocols. No differences between ﬁxa-
tion methods were observed regarding the Lysholm and IKDC
scores (the only scores in which the meta-analysis could be
performed). Although there were statistically lower tunnel
enlargement with the use of transverse pins, this fact had no
clinical consequences.46
Regarding the different types of interference screws,
Debieux et al.47 compared metal screws with different types
of bioabsorbable screws. Although there was no difference in
clinical outcomes (Lysholm, IKDC, Tegner), the metal screw
presented a statistically smaller number of implant failures
and fewer cases of “overall treatment failures” (when adding
all treatment failures analyzed). Thus, although both methods
present the same efﬁciency, metal screw is safer. Of course,
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hese data should be analyzed in light of the limitations that
ere not assessed (interference in post-operative imaging and
reater difﬁculty in revision surgeries with metal screws). The
uthors also found a tendency (not statistically signiﬁcant) of
igher inﬂammatory activity when the bioabsorbable material
as PGA, and better Lysholm score with PLLA.
It is noteworthy that femoral ﬁxation can be properly
chieved without any ﬁxation method. Conceived in France
n the 1980s, the press-ﬁt method consists of making a bone
lug slightly larger than the femoral tunnel. This plug is
nserted into the tunnel under pressure and becomes stuck
nside, as a “champagne cork.” Sarzaeem et al.48 promoted
 RCT comparing this press-ﬁt ﬁxation with the interfer-
nce screw. In a 12-month follow-up study with 158 patients
ivided into two groups, no differences were observed in any
f the outcome measures (Lysholm, IKDC, KT-1000, Lachman,
ivot).
In summary, despite the small biomechanical differences
mong the methods, each of them was effective and efﬁcient
n graft ﬁxation in the period between the postoperative period
nd ligamentization. Nonetheless, attention should be given
ot only to individual ﬁxation (tibial and femoral), but also to
he relationship between them, since a very large discrepancy
etween the two ﬁxation methods can generate a weak link in
he reconstruction, which can lead to an overlap of one point
ver another and, consequently, failure.49
echniques  for  creating  the  femoral  tunnel
n recent years, an increase has been observed in the indi-
ations of independent techniques for femoral drilling in
CLR, represented by the transportal or inside-out technique
TP), outside-in (OI), and OI retrograde. In 2013, the Cana-
ian Orthopedic Association reported that 68% of surgeons
sed independent techniques for femoral drilling and only
1% used the transtibial technique (TT).50 Despite this tech-
ical change in ACLR in the past decade, there is still doubt
bout its objective and subjective clinical superiority, as well
s the biomechanical advantages of the different techniques
sed.
Riboh et al.51 published a systematic review that included
ix RCTs. Four compared OI versus TT and two, TP versus
T. In that review, 26 biomechanical studies and studies that
nalyzed the positioning of the graft in cadavers and in vivo
ere also included. The clinical outcomes measured in RCTs
howed no difference between the techniques when consid-
ring the incidence of failure, objective IKDC, and scales of
hysical activities such as Tegner. When evaluated by the
ysholm score, a slight superiority of TT was observed. How-
ver, despite the proven statistical difference, it was not
onsidered clinically relevant (mean: −0.62, 95% CI: −1.09 to
0.15). RCTs showed lower anterior looseness in favor of inde-
endent techniques when measured by arthrometers in mm
mean: 0.33, 95% CI: 0.10–0.55).51
In the same review, the biomechanical studies and the
tudies that assessed graft positioning in vivo and in cadaver
howed that the independent technique, OI, also showed
ess anterior translation when measured by Lachman (mean:
.2, 95% CI: 0:34–4:07), less anterior translation with strength;5 1(4):385–395 391
of 134 N (mean: 1.0, 95% CI: 0.29–1.71), and increased rota-
tional stability (mean: 3.36, 95% CI: 1.88–4.85) when compared
with TT. Independent techniques also showed a more  oblique
femoral tunnel in the coronal and sagittal plane, resulting in
greater similarity between the original strengths of the native
ACL, but had a higher risk of explosion of the posterior wall of
the lateral femoral condyle during drilling.51
Recently, Robin et al.52 published a systematic review
without meta-analysis that included ten clinical studies, ten
descriptions of surgical technique, ﬁve cadaveric studies, one
kinematic study, and one literature review. The review identi-
ﬁed the advantages and disadvantages of the different ACLR
techniques. The main results, as well as others pointed out by
the authors of this study, are summarized in Table 1.
Rahr-Wagner et al.53 compared the results of different
ACLR techniques from the Danish national register, consid-
ered one of the best and most complete records of global
medical data. In that retrospective study, 1945 TP reconstruct-
ions and 6430 TT reconstructions were analyzed, including
failure as the primary outcome, determined by ACLR revision,
and as secondary outcomes the pivot-shift test and functional
scores (KOOS and Tegner). A signiﬁcantly increased risk of
ACLR revision was observed with TP, with a mean relative
risk of 2.04 (95% CI: 1.39–2.99) when compared with TT. Sur-
prisingly, TP also showed increased relative risk to the pivot,
with mean RR = 2.86 (95% CI: 2.40–3.41), and increased rela-
tive risk for anterior instability, with mean RR = 3.70 (95%
CI: 3.09–4.43). In addition, there were no differences between
the techniques regarding functional scores. That study had
some limitations, among them the biases of any retrospective
study of data, besides the probable learning curve, by Dan-
ish physicians, of the TP included in the evaluation period of
the study, due to the recent adoption of the technique in that
country.53
The increased risk of revision using TP was also observed
in a prospective cohort study that compared TP technique
versus TT with patellar graft.54 Another article showed that
the anatomical reconstruction of the AM bundle places more
tension on the graft than the AM bundle in a higher posi-
tion, similar to that achieved by TT technique. Therefore, a
graft placed more  anatomically than isometrically would be
subject to higher tension and more  susceptible to rupture. In
TT, the graft would be subjected to less tension, but would
theoretically dissipate the load through other intra-articular
structures, such as the cartilage and meniscus. Only long-
term prospective and randomized studies will demonstrate
whether the independent techniques of femoral drilling will
be able to prevent joint degeneration and osteoarthritis.55
Among other possible explanations for the increased risk
of re-rupture by independent drilling techniques, OI, are
shorter femoral tunnels, which generate less integration
between the graft-bone and cases of blow-out of the pos-
terior wall of the lateral condyle, which compromise graft
integration.56–58
In short, reconstruction by independent OI technique
appears to be related to greater rotational control and
less postoperative laxity, despite the higher revision index
described in the literature. However, more  RCTs are
needed to determine the superiority of one technique over
another.59,60
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Table 1 – Advantages and disadvantages of each femoral tunnel construction technique.
Surgical technique Transtibial Transportal Outside-in Outside-in retrograde
Advantages Single  incision; less
invasive than double
incision
Allows access to the
footprint of the
anteromedial and
posterolateral bundles
More predictable and
anatomical femoral
positioning
More  predictable and
anatomical femoral
positioning
More isometric graft
function along the
ADM
Independent tunnels No need for knee
hyperﬂexion
No  need for knee
hyperﬂexion
Most patients with
stable Lachman score
Interference screw
placed in parallel
Useful for epiphyseal
techniques in
skeletally immature
patients
Useful for epiphyseal
techniques in skeletally
immature patients
Axis of the femoral
tunnels similar to the
ACL, leading to a
lower chance of
graft-tunnel and
graft-intercondyle
impact.
Re-establishes the
natural rotational forces
during the stance and
balance gait phases.
Lower risk of blow-out
of the posterior wall
Lower risk of blow-out of
the posterior wall
Low risk of collision of
the associated
posterolateral
reconstruction
tunnels
Allows preservation of
intact bundles and
selective
reconstructions
Lower bone resorption
at the bone-graft
interface due to a
more even distribution
of contact pressure in
the anterior and
lateral walls
Smaller lateral incision
when compared with the
classic outside-in
Large tunnel length All-inside techniques
can be used
It can be used without
special guides
Intermediate length of
the tunnel
Disadvantages The tibial tunnel is
dependent on the
femoral tunnel
Harder to visualize and
alter the superior,
inferior, superﬁcial, and
deep references with
the knee in hyperﬂexion
Need  for two incisions
and increased surgical
morbidity
Increased surgical time
The femoral tunnel is
more anterior and
vertical than the
anatomical
positioning, which
can generate
rotational instability
Increased risk of
iatrogenic chondral
lesions
Short  tunnel length Increased costs due to the
special instruments
Verticalized graft
generates excessive
femoral rotation in
the stance phase of
gait
Greater chance of
rupture of the posterior
wall of the lateral
condyle
Risk  of iatrogenic
injury originated at
the lateral collateral
ligament
A  very horizontalized
tunnel can further wear out
the graft
Sulcoplasty is
sometimes necessary
to visualize the
femoral origin of the
ACL
Technically harder High risk of collision of
the associated
posterolateral
reconstruction tunnels
Higher revision index
Increased risk of
peroneal nerve injury
Need for an assistant to
hold the hyperﬂexion of
the knee during drilling
Intermediate risk of
collision of the
associated
posterolateral
reconstruction tunnels
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